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Telomeres are associated with the aging process, and often explained as the biological footprint of age 1 . Telomere length (TL) decreases with age, and when too short, the cell can no longer maintain its function, and at a critical length undergoes apoptosis. Because of this, several age-related diseases have been hypothesized to have short telomeres as part of their aetiology [2] [3] [4] [5] [6] . One such disease is myocardial infarction (MI), which is arguably one of the greatest causes of death in modern times 7 ,
and for which age is a major determinant of risk.
The association between TL and future cardiovascular disease (CVD) events have been studied to some extent 4, 5, 8 , and was recently reviewed 9, 10 concluding with an overall negative association between TL and CVD outcomes. However, the study 4 with most statistical power observed a 50% higher risk of MI for both short and long telomeres, and demonstrated a tendency of an association between TL and risk of MI in hypertensive and diabetics, but not in the healthy participants. Other studies have included people with pre-existing CVD or with major risk factors 5, 8, 11, 12 , making it difficult to draw conclusions about the independent effect of TL with MI in healthy populations.
Therefore, we aimed to test the hypothesis of TL and incidence of MI in a prospective cohort study of apparently healthy men and women who were 65 years or older at baseline, and followed for up to 15 years.
Methods

Study population:
The second wave of Nord-Trøndelag Health Study (the HUNT2-study), a population based prospective study in Norway, was conducted during the period August 1995 to June 1997. The details of the study are described elsewhere 13 . In brief, out of 94 187 invited participants, 65 442 participated in the study, filled out a questionnaire, and attended a clinical examination. To include in the present study, participants had to be aged 65 years or older at baseline examination, not have any self-reported history of CVD, without diabetes mellitus(DM), not taking any thyroid-, blood pressure-or other heart medications, have sufficient DNA-samples for TL assessment, and have responded to the questionnaires which is a part of the HUNT-studies. Sample size calculations estimated that 760 participants were needed for a power of 80% at alpha 0.05, and 995 participants A C C E P T E D M A N U S C R I P T
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were randomly selected by a computer from the pool of 2193 meeting the inclusion criteria, and followed for up to 15 years.
Telomere analysis: Leucocytes are commonly used for measuring the TL in an individual, and has shown to be highly correlated with TL in other cell types 14 . DNA was isolated from 1-5ml EDTA whole blood or 10ml coagulum by use of PUREGNE DNA Purification Kit from Gentra Systems Inc.
from the HUNT biobank 15 , and TL measured in Boston, USA, by Dana Farber/Harvard Cancer Center High throughput Genotyping core by experienced personnel. Relative TL (rTL) of peripheral blood leukocyte DNA was assessed using a modified high-throughput version of the qPCR-based method developed by Cawthon and described in detail previously 6, 16 . This process involved comparison between signals from the telomere repeat copy number (T) and a single-copy gene 36B4 copy number (S), and the relative T/S ratio was calculated as 2 −(T/S of the sample -T/S of the reference DNA) , being the T/S ratio of the reference sample subtracted from the T/S ratio of each individual experiment sample. On every plate used, a 5ng DNA standard curve point was included as a reference to help correct for intra-plate variations, and the method has been validated 17 . Out of 995 TL-measurements, 74 had failed and thus excluded from the analysis. Triplicate reactions were performed for each sample, and quality control samples were included to assess inter-plate and intra-plate variability. The coefficient of variance (CV) of the exponentiated relative TL of the quality control samples was calculated to be 12.5%.
Clinical measures and questionnaire-based information:
The clinical examination included height, weight, blood pressure (BP), mean arterial pressure (MAP), waist circumference (WC) and resting heart rate (rHR); BP, and rHR were measured using a Dinamap 845XT (Critikon Inc). Information about physical activity (PA), marital status, alcohol consumption, tobacco use and education, together with information regarding medications, self-reported disease and family history of MI were obtained by self-administered questionnaires 13, 18 . Based on the responses to PA questions, we divided the participants into 2 categories according to current recommendations for PA: (1) vigorous-intensity exercise training for 20 or more minutes per day on 3 or more days per week for a total of 75 or more minutes per week and/or moderate-intensity exercise training for 30 or more minutes per day on 5 or more days per week (≥150 min/wk) or (2) not meeting the recommendations 19 . Tobacco use was
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calculated as total pack-years. Education attainment was divided in three groups based on completed years of education (<10 years, 10-12 years, or >12 years).
Laboratory measurements: Non-fasting blood samples were drawn and serum separated by centrifugation within 2 hours. Samples were stored in a refrigerator at 4°C and sent to the laboratory for further analysis within three days. Serum samples were analysed on a Hitachi 911 Auto-analyser (Hitachi, Mito, Japan), applying reagents from Boehringer Mannheim (Mannheim, Germany). Glucose was measured by using an enzymatic hexo-kinase method, while concentrations of total cholesterol, high-density lipoprotein cholesterol (HDL), and triglycerides were analysed by an enzymatic colorimetric method.
Follow-up and ascertainment of outcome:
Patient data was linked to HUNT 2 data using national birth identification numbers and HUNT 2 participation numbers. Data on MI were obtained from the regional registry of MI in Nord-Trøndelag, Norway. This covers all hospitals in the same geographical area as the HUNT study 15 . Everyone admitted to hospital were identified as cases if they had the MI diagnosis confirmed, defined as per the guidelines of the European Society of Cardiology, amongst others 20 . The National Cause of Death Registry identified case subjects who never reached the hospital, and the National Resident Registration identified participants moving out of the area.
Participants were followed-up until 31 st of December 2010, and the follow-up was close to complete (99.6%).
Ethical considerations:
The study was approved by the Regional Ethics Committee, and conducted in accordance with the declaration of Helsinki. Prior to entering the HUNT-study, a signed informed consent was obtained from all participants, and they could at any time withdraw from the study without stating a reason.
Statistical analysis:
The statistical analyses were conducted separately for men and women. The distribution of rTL was slightly skewed as confirmed by QQ-plots, therefore, the data were logtransformed (ln). We detected six outliers using the extreme studentized deviate test 21 , and hence these were excluded from the analysis leaving in total 915 participants. Linear regression with rTL as 
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Results
Baseline characteristics of study participants are presented in Table 1 , separately for subjects who did Table 2) . in the short tertile of rTL (Figure 1 ).
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Age-adjusted hazard ratios (HR) for incidence of MI, using log-transformed rTL as a continuous variable in a Cox-regression model, also showed a higher risk of MI in participants with long TL; with HR of 2.46 (95% CI; 1.33 to 4.54) in men, and 2.93 (95% CI; 1.41 to 6.10) in women.
Each 1-SD change in log-transformed rTL was associated with a HR of 1.54 (95% CI; 1.15 to 2.06) and 1.67 (95% CI; 1.18 to 2.37) in men and women, respectively ( Figure 1 ).
Potentially confounding variables did not have significant effect upon the relationship between TL and incidence of MI. In the analysis for women and men together, adjusted for sex, age, MAP, BMI, total cholesterol/HDL-ratio, non-fasting serum glucose, education, tobacco use, family history of MI, and PA, and the results were not materially changed. The HR associated with the long rTL was 3.37 (95% CI; 1.80 to 6.30) compared with participants with the short rTL. The corresponding HR associated with each 1-SD change in log-transformed rTL was 1.60 (95% CI; 1.28-2.00) ( Table 3) .
Discussion
The main finding of the present study was that long TL was associated with an increased risk of MI, in both men and women aged ≥65 years at baseline. We found an almost three-fold higher risk of developing MI in those within the long tertile of TL, compared with the short TL tertile.
To date and as far as we ascertain, our study is one of few prospective cohort studies assessing the association of TL and incidence of MI 9, 10 . Our findings contradict the existing research and demonstrate a high risk of MI associated with long TL. Although, none of the previous prospective studies 4, 5, 8 found positive correlations between TL and MI, the negative correlations were weaker and
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less consistent than in most of the case-control studies 2, 9, 10, 12 . For instance, in multi-adjusted models conducted separately for men and women, the negative association found by Weischer et al 4 was
relatively weak (HR, 1.08; 95 % CI, 0.97-1.20 in men and HR, 1.13; 95% CI, 1.00-1.29 in women).
Further, the same study observed a tendency of an association between TL and risk of MI in participants with well-established risk factors for CVD, such as hypertension and DM, but not in healthy individuals. A recent meta-analysis found a 40% increase in risk of coronary heart disease associated with shortest third of TL 9 . The association did, however, seem to be weaker in studies of higher quality (prospective cohorts) compared to studies of lower quality, which constitutes the main part of the current literature on the field.
The contrasting findings in our study may be due to different study design and inclusion criteria. Indeed, we studied a population that was not only free from CVD at baseline, but also had a relative favourable CVD risk profile. However, the majority of previous studies 5, [8] [9] [10] did not explicitly exclude participants with established risk factors/diseases related to both CVD and TL who could be more likely to develop CVD in the follow-up period. Interestingly, a differential role of TL shortening in the various stages of atherosclerosis with strong association between TL and advanced atherogenesis, but not to early atherogenesis has been reported 8 . Further, a non-linear relationship between TL and CVD has also been shown 4, 24 , where both short and long TL have been associated with increased risk.
Another possible explanation for the present results could be that telomeres are a potential mechanism to inhibit further replication of senescent cells. In fact, telomere attrition may result in replicative senescence, and this might serve as a mechanism for restricting atheromas, 25, 26 more probably in the same way as they inhibit carcinogenesis 27 . It might be possible that shortening of TL and discontinued proliferation of old cell lines in the endothelium are equally important as long telomeres to prevent accumulation of mutations in DNA 25, 27 , nonetheless, future cellular and molecular studies are warranted to elucidate these possible mechanisms.
Previous studies have reported inconsistent results in relation to TL and PA status, showing a positive [28] [29] [30] , null 31, 32 or even an inverted "U" curve 33 association. We did not observe an association between TL and PA (meeting or not meeting the current recommendations), which is in line with the
findings of earlier reports 31, 32 suggesting a protective effect of PA on health by improvement in antioxidative enzyme activities but an attenuated effect on TL per se in participants over the age of 65 years.
A relatively narrow clustering of age around the mean [70.9 (SD, 4.7) years in women and 70.8 (SD, 4.9) years in men)] of our sample, and a decreased telomere-loss with age could explain the weak association between TL and age in our population.
Strengths of the present study include a relatively long follow-up time of apparently healthy participants at baseline. The study population is generally considered representative of Norway Unfortunately, we could not control for these factors in our analyses because of lack of information.
In this prospective study of healthy men and women aged ≥65 years at baseline, long TL was associated with a high risk of incident MI. Large scale prospective studies with sufficient sample size for risk stratification, and controlling for multiple potential confounders are warranted to confirm these findings, and to explore the potential associations between TL and MI. 
